Changes in land use associated with the suppression of native vegetation can greatly alter the landscape configuration, affecting biodiversity and environmental services availability. This study analyzes how changes in land use affect landscape patterns of vegetation remnant over a 10 year period. We quantified spatial landscape patterns throughout a hydrographic basin for the years 2002, 2008, 2010 and 2012, using nine landscape metrics. An indicator of integrity was used to details the transformation processes occurring in the basin that could be used to monitor the impact of landscape changes and its spatial patterning. Results showed that over this decade, extension of farming activities reduced the cover of native vegetation by 4.4%, with grassy-woody savanna, wooded savanna and forested savanna impacted especially strongly. Suppression of vegetation across this period reduced the size of fragments and their connectivity. The landscape fragmentation indicator indicated that the fragmentation pattern varied spatially, with the upland areas along river headwaters, being most fragmented. Areas of floodplains vegetation, belonged to the Pantanal Wetland, although in better integrity states, are the most threatened by current pressures of land use change. An intense recovery program for headwaters and aquifer recharge areas, as well as riparian forests, is recommended to avoid the future depletion of water production. Besides, we also recommend the maintenance and recovering of the connectivity of the current remaining patches of natural vegetation corridors and elaboration of specific laws that incoporate the consolidated scientific knowladge about wetland ecosystem functioning, like the Pantanal.
Introduction
Changes in land use associated with the suppression of native vegetation are of great concern to human populations because of its consequences for biodiversity loss, climate change, carbon sequestration, food provision, and other ecosystem services, such as maintaining the quality and availability water [1] . Recently, the speed at which these changes occurred, associated with technological developments and economic interests, is leading the world to an unsustainable trajectory [2] .
Among the biggest changes associated with the removal of vegetation cover is the fragmentation of native vegetation [3] [4] . The fragmentation process is represented by the increase in the number of fragments or remnant patches in a landscape [5] . Furthemore, the loss of native vegetation can affect the spatial structure of the landscape in various ways. Loss of the same amount of remaining area, for example, can result in an increased number of fragments, as well as in no changes in the landscape configuration. One large remaining contiguous patch can become numerous small and isolated fragments [6] . The direction of these changes is not easy to predict because it depends on several factors that act integrally, including the biophysical heterogeneity of the environment and the socio-economic and political influences on the human activities transforming the landscape [7] [8] .
The impacts of habitat fragmentation on biodiversity conservation and management have been widely discussed [3] [6] [9] [10] . Fragmentation can result in the formation of landscapes with little diversity in terms of habitat and species [3] . A new landscape mosaic composed of remnants of native vegetation, surrounded by disturbed areas, impacts and changes the dispersal and movement of species across that landscape. Endemic species are more likely to be impacted, because of their smaller capacity for dispersion and their habitat specialization [9] . Fragmentation reduces the connectivity of the landscape and, therefore, the ability of species to travel between habitat patches, resulting in changes in species distribution patterns [11] [12] , and an increase in the possibility of local extinctions [13] . Species extinction can have a strong impact on the integrity of ecosystems, since component species regulate the availability of environmental resources, control population densities through inter-specific interactions, and are integrated into a range of environmental services, such as water cycling, soil formation, nutrient and energy fixation, and climate maintenance [14] .
The success of sustainable conservation and use strategies in ecosystems depends on adequate information across a variety of formats, including documents, images and maps that together indicate the direction and speed of L. S. Estevam et al. change. Together, these can be used to plan land use management that can be conducted to ensure the availability of ecosytem services over the long term.
Geographic information systems and analysis of spatial patterns provide an analytical approach to investigate change in spatio-termporal patterns of land use and cover, assisting in the detection of changes in such factors and determining the distribution and extent of modified areas [15] [16] [17] . A large number of indices have been developed to quantify the spatial heterogeneity of landscape in categorized maps [7] [18] [19] . These indices fall into two general types, which together affect how ecological processes are recorded and how this translates into perceived changes in landscape patterns. They are: 1) indices which evaluate the composition of a map without reference to such spatial attributes such as shape and size of a fragment; and 2) indices which assess the spatial configuration of system properties, and require spatial information, such as levels of patch isolation and connectivity, for their calculation [7] .
The use of landscape indices or metrics to characterize changes in ecosystem services, landscape functions and integrity caused by logging, agriculture and urbanization has been increasing at the last decade [2] . These are key attributes indicating the integrity of a system, related to the degree of influence of human activities and the system capability to maintain natural communities [20] . In large scales, monitoring rates of vegetation suppression have revealed the speed in which remaining natural habitats are loss. This information indicates the clearing extent across bioregions, but lack to provide an indication of the consequences of habitat loss to landscape configuration, in special, connectivity, which may play deep effects on conservation of biodiversity [9] [21] . Detecting and monitoring the impact of human activities on landscape status may be done by integrating a set of complementary landscape indices, rather than describing them separately [22] .
The aim of the study was to analyze the spatial and temporal changes in land use and cover and fragmentation of remaining native vegetation from 2002 to 2012 in a Brazilian hydrographic basin and to provide an indicator of landscape integrity (ILI) that can be used to monitor the landscape status over time and space. In this study we ask: 1) what was the suppression rate of native vegetation over a 10-yearperiod; 2) what were the main changes in the landscapes pattern over 10 years, and 3) how these changes affected landscape integrity.
Study Area
This study was conducted in the hydrographic basin of the Miranda-Aquidauana River Negro watershed, to the west by the Nabileque River watershed, and to the south and southeast by the ApaRiver watershed.
A short stretch to the northwest has borders with the Taquari River watershed. The principal rivers that contribute to the drainage basin are the Aquidauana, Miranda, Salobra, Formoso, Nioaque and Santo Antonio [23] . The annual evaporation is about 1140 mm [23] .
There are contrasting relief forms in the basin, with plateaus and hilly terrains in altitudes up to 500 meters (e.g., the Serra do Maracajú and Bodoquena), and [25] . Because of its high biodiversity and elevated threat level, the Cerrado biome is a hotspot for biodiversity conservation, having a high risk of being increasingly reduced to smaller vegetation fragments [26] [27] . The agricultural expansion is favoured by the disconect between environmental legislation and land policy and is the principal responsible for deforastation of its native vegetation formations [27] , modifying the structure, composition and functioning of Cerrado ecosystems [28] .
The basin includes seven sustainable use protected areas, three fully-protected conservation units (e.g. Serra da Bodoquena National Park) and eight areas of indigenous land, which together amount to approximately 4% of the total area On the plateaus predominates agriculture, while on the lowlands, e.g. the Pantanal, livestock are dominant. The main activities threatening conservation of the region's fauna and flora are mining, and the extraction of charcoal and timber, which have increased very quickly in the state. These activities are closely linked to cattle-raising, because the vegetation removal that starts the process is the result of partnerships between cattle ranchers, interested in increasing their area under exotic pasturage, and the owners of charcoal and lumber concerns, who require wood to their enterprises [29] . Irrigated rice cultivation, soyabean/crop consortium and planted eucalyptus forest are also current management activities that threats ecosystem integrity.
Methodology

Watershed Delimitation
Watersheds are appropriate spatial units for the evaluation of impacts caused by human activity, especially when these are related to land use and may pose risks to maintainence of sutainable water resource availability in quality and quantity [30] .
In order to detail the process of landscape change in the Miranda basin and relate this to the regional hydrological and socioeconomic characteristics, we subdivided the basin in 6 watersheds, using the fluvial level gauges for drainage [32] followed the same technical procedures and were based on the LUC map of 2002 [31] . Only for the year of 2012, the LUC map was generated based on Resource-Sat-1 LISS III, which have similar spatial and spectral characteristics [32] .
Land Use and Cover
Long-term land use change studies frequently do not allow quantitative field validation, principal of historical landscape stages [33] . The methodology adopted 
Quantifying Spatial Patterns
We quantified spatial landscape patterns throughout the Miranda basin and its six watersheds for the years 2002, 2008, 2010 and 2012, using nine (9) landscape metrics ( Table 1) . These indices or metrics describe aspects of remnant vegetation patch mosaic composition and configuration, i.e., area, density, size, edge, shape, connectivity and diversity [15] facilitating monitoring human impacts on the natural landscape [18] [19] . The indices used in this study are described in Table   1 . They are based on the concept of patches, that is, landscape elements that differ in structure and composition from its matrix or surroundings [15] . In this study, patches are considered the remaining fragments of the 6 classes of native vegetation surrounded by areas of human use, such as exotic grasslands and agriculture. The year 2012 was the reference, considered as the current spatial situation of the landscape.
The area of the class (CA) corresponds to the area occupied by the savanna and forest fragments. The average fragment size (MPS), the patch size standard deviation (PSSD) and the number of patches (NumP) are key indices for landscape structure analysis and indicate the way in which a landscape is fragmented [34] . To allow comparisons between the 6 watersheds of different sizes (Table   2 ), the number of patches in each watershed was normalized by the area of the largest watershed of the Miranda basin (i.e. the Upper Miranda River). The metric border extent (ED) is based on the calculation of the total perimeter edge of fragments (km) per unit area (ha), playing a key role in defining ecotones, ecoclinas and ecotypes [35] Besides ED indicates the variation in heterogeneity and the extent of landscape fragmentation [36] , because the amount of edge in a lands capre generally increases with fragmentation [18] . The shape index (MSI) was used to evaluate changes in patch shape, from complex to simple forms associated with anthropic land use classes, such as agricultural or urban areas [18] .
The MSI ranges from 1, for patches with a very simple shapes (squares) and can increase infinitely to reflect complex patch forms [35] [37] . The index of connectivity (CONN) measures the number of connections between patches or [40] . The metric distance from the nearest neighbor (MNN), unlike CONN, analyzes by how much a fragment is isolated from another in terms of Euclidian distance. From the landscape ecology perspective, it refers to the inaccessibility of a habitat fragment for organisms migrating from other patches [41] and is measured by the nearest edge-to-edge distance [42] . The Shannon Diversity Index (SDI) was calculated to assess the physiognomic variability of the remaining natural vegetation in the analyzed polygons, i.e., the whole basin and in each watershed. The value zero is present only when the landscape contains a single class, increasing as the number of classes increases and the proportion of each class within the landscape becomes more equitable [38] .
ArcGIS 10.2 software, with the extention Patch Analyst [43] , except for the connectivity index, which was calculated using FRAGSTAT 4.2 [34] .
Indicator of Landscape Integrity
The indicator of integrity was used to detail the transformation processes occurring in the Miranda basin, helping to monitor the impacts of landscape changes on fragmentation processes. For this, the 9 landscape metrics (M) calculated for each watershed were combined into an addition/subtraction equation to create the Index of Landscape Integrity (ILI) (Equation (1)) [44] . Each index was pre- 
Results
Loss of Native Vegetation Fragments in the Miranda Basin
More than half of the Miranda basin is deforested, with loss of its native vegetation of more than 1880 square kilometers in the period of 10 years, corresponding to a reduction of 4.4% of the total area. 
10-Years Changes in Lanscape Integrity
The current progress of vegetation fragmentation in the basin was analysed using a synthetic index (Indicador of Landscape Integrity-ILI) obtained from the nine assessed landscape metrics (Figure 4 ), which provides an empiric indicator of the state of landscape integrity (Equation (2)).
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The indicator varied from −2.12, indicating the lowest landscape integrity state, to 2.88, indicating highest landscape integrity related to fragmentation processes and native vegetation loss.
The watersheds Headwaters of Varadouro-Taquaruçu (HTR) (−2.12), Upper
Aquidauna River (UAR) (−1.83) and Upper Miranda River (UMR) (−1.70), which are located in the high lands of the basin, with a predominance of agricultural activities, presented the lowest indices of landscape integrity ( Figure 5 ).
These resulted from remnant vegetation covering small areas (28%, 26% and On another hand, 75% of the native vegetation remains in Lower Miranda River (LMR) watershed, followed by Middle Aquidauana River (MAR) (50%)
and Middle Miranda River (MMR) (46%) (Figure 4(a) ), highlighting the greater landscape integrity of the middle-lower basin. The predominance of pasture activities and existence of protection areas might have guaranteed their higher landscape integrity and proportion of alluvial forest among the watersheds (Table 2) . LMR presented a high coverage by natural vegetation, large fragments, high habitat diversity and low isolation between its remaining fragments, which gave it the highest landscape integrity (2.77) ( Figure 5 ). This watershed, although highly-vegetated, showed low connectivity (Figure 4 (h)) due to the low number of small size fragments.
All six watersheds showed an increase in the number of fragments throughout the observation period (Figure 4(d) ). Total area covered by natural vegetation deacresed, mean and spatial variation in patch size were reduced (Figure 4(b) and Figure 4 (c)) and connectivity among fragments decreased (Figure 4(h) ).
The fragmentation processes during the 10-years were more intense in the watersheds Middle Aquidauana River and Varadouro-Taquaruçu Headwaters, with 
Discussion
Human activities, driven by a variety of socio-economic, technological, cultural and political factors [7] [46] [47] have driven changes in landscape patterns in Brazilian biomes threatening its cultural and ecological integrity [27] [48] [49] .
In the current study, we investigated the process of fragmentation and loss of savanna and forest formations within the Miranda Basin between 2002 and 2012.
We did this using landscape metrics and integrated index which allowed the spatial and temporal evaluation of ecological integrity of the watersheds landscape.
In cies diversity, it increases the risk of invasion by alien species and burning [65] .
These impacts on wetland habitats deserve special attention, because it directly affects the quantity and quality of water available in the watershed [25] . The conservation of these wetlands can help ensure water security of the country against negative climate change scenarious, as well as meeting national and international agreements (Convention Ramsar, Iran, 1971) to protect Brazilian wetlands [66] .
In Brazil over the last 40 years, environmental policy had made great advances (Law N˚. 4771 of 15/9/1965) with the creation of many conservation units and delimitation of protected areas on private property. However, the recent loosening of legislation was a strongly retrograde step (e.g. Brazil's New Forest Code 2012), reducing protected habitats, such as riparian forests, forests on slope greater than 45˚ and in legal reserves [67] . It shows that the expansion of agricultural frontiers still commands the future of Brazil's natural landscapes. Conservation strategies for native vegetation remnants must have broad prospects,
given that ecosystems and their environmental services are not isolated in landscapes altered by anthropogenic uses and operate at the large-scale, facilitating connectivity between natural and anthropogenic ecosystems [68] .
Based on the state of integrity in the Miranda basin, it can be seen that deforestation is increasing, and that resulting changes in the landscape configuration tend to be more evident in areas with higher proportions of remaining native vegetation. In this regard, the watersheds that comprise most of the lowland areas (LMR and MAR), and the watershed which houses the Serra da Bodoquena (MMR), clearly require further biodiversity conservation policies [69] . This is supported by results of this study and other research on the status of regional habitats and their biodiversity [23] [27] [33] [34] [56] . Areas of Permanent Preservation (APP) and Legal Reserves (RL) form one of the main mechanisms for the protection of biodiversity in Brazil [70] . Those present in the Miranda basin require intensive supervision so that the representativeness of the remaining vegetation of the Brazilian biomes also is guaranteed on private property.
Conclusions
The 
